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WATER-BASED TREATMENT AGENT FOR
FORMING RUBBER-REINFORCING CORD,

RUBBER-REINFORCING CORD FORMED
USING SAME AND PRODUCTION METHOD
THEREFOR, AND RUBBER PRODUCT
EMPLOYING RUBBER-REINFORCING
CORD

TECHNICAL FIELD

The present mvention relates to a water-based treatment
agent for forming a rubber-reinforcing cord, a rubber-rein-
forcing cord formed using the water-based treatment agent,
a method for producing the rubber-reinforcing cord, and a
rubber product including the rubber-reinforcing cord.

BACKGROUND ART

Rubber-reinforcing cords including strong fibers such as
aramid fibers are widely used as remnforcing members 1n
rubber products such as rubber belts and tires which are
repeatedly subjected to bending stress. The rubber-reinforc-
ing cords are required to have high bending fatigue resis-
tance and high dimensional stability.

A rubber product including such a reinforcing cord may
sulfer from fraying of the reinforcing cord on an edge
surface of the rubber product. For example, a toothed belt,
such as a timing belt typically used for driving a cam shaft
of an internal combustion engine, poses a problem 1n that the
belt has a remnforcing cord exposed on 1ts side surface
inevitably due to the production process, and the exposed
portion of the reinforcing cord 1s likely to undergo fraying,
leading to protrusion of the fibers from the edge surface of
the belt. This may result 1n a defect such as a reduction in
durability of the rubber product. Reinforcing cords resistant
to fraying have therefore been pursued.

For example, Patent Literature 1 proposes an aramid fiber
cord that resists fraying when incorporated 1n a belt (aramid
fiber cord having excellent anti-fraying properties), the
aramid fiber cord being produced by: treating substantially-
untwisted aramid fibers with a treatment solution containing,
an epoxy compound; subjecting the aramid fibers to a heat
treatment followed by twisting; impregnating the twisted
aramid fibers with a treatment solution containing a resor-
cinol-formaldehyde-rubber latex (RFL) under vacuum and
pressure; and further subjecting the aramid fibers to a heat
treatment and a treatment with a treatment solution contain-
ing RFL.

Patent Literature 2 proposes an aramid fiber cord having
excellent anti-fraying properties, the aramid fiber cord being
produced by: treating substantially-untwisted aramaid fibers
with a treatment solution containing an epoxy compound;
subjecting the aramid fibers to a heat treatment followed by
twisting performed simultaneously with application of a
treatment solution containing RFL; and further subjecting
the aramid fibers to a heat treatment and a treatment with a
treatment solution containing RFL.

Patent Literature 3 proposes an aramid fiber cord having
excellent anti-fraying properties, the aramid fiber cord being
produced by treating aramid fibers with a treatment solution
containing an isocyanate compound and/or an epoxy com-
pound and then dipping the aramid fibers in a RFL-contain-
ing treatment solution vibrated with an ultrasonic transducer.

Patent Literature 4 discloses a method for producing an
aramid core wire, the method including the step of coating
or impregnating aramid fiber yarns with a treatment agent
contaiming RFL and a water-soluble epoxy compound.
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Patent Literature 5 to 7 each disclose a method for
producing an aramid fiber cord having excellent anti-fraying
properties. Patent Literature 5, Patent Literature 6, and
Patent Literature 7 employ a treatment with a treatment
agent containing an epoxy resin and a rubber latex, a
treatment with a rubber latex, and a treatment with a
treatment agent containing polyepoxide, respectively, and
these treatments are followed by a treatment with a treat-
ment agent containing RFL.

Patent Literature 8 discloses a method for producing an
aramid fiber cord for reinforcing a rubber belt, the method
including applying a water-soluble adhesive containing 5 to
50 mass % of carbon black 1n terms of mass ratio of solids
to untwisted aramid fibers and then twisting the aramid
fibers.

Patent Literature 9, which puts no particular emphasis on
the anti-fraying properties of an aramid fiber cord, discloses
a technique that uses a treatment agent containing at least
one crosslinking agent selected from a diisocyanate com-
pound, an aromatic nitroso compound, and a maleimide

crosslinking agent and in which strands are chemically
bonded together.

CITATION LIST
Patent Literature

Patent Literature 1: JP 3187256 B2
Patent Literature 2: JP 8-284069 A
Patent Literature 3: JP 11-279949 A
Patent Literature 4; JP 2013-170333 A
Patent Literature 5: JP 1-207480 A
Patent Literature 6: JP 3070613 B2
Patent Literature 7: JP 06-25977 A
Patent Literature 8: JP 2010-1570 A
Patent Literature 9: JP 4460581 B2

SUMMARY OF INVENTION

Technical Problem

The production methods disclosed 1n Patent Literature 1
to 3 cannot be considered to have high productivity because
they require a treatment under vacuum and pressure, a
treatment with RFL performed simultaneously with twist-
ing, or vibration applied by an ultrasonic transducer.

The mnventions disclosed in Patent Literature 4 to 9
achieve an improvement in productivity indeed; however,
the resulting rubber-reinforcing cords have msuflicient anti-
fraying properties and require further improvement.

It 1s therefore an object of the prevent invention to
improve the anti-fraying properties of rubber-reinforcing
cords without significant reduction in productivity.

Solution to Problem

The present invention provides a water-based treatment
agent for forming a rubber-reinforcing cord having a coat-
ing. The water-based treatment agent includes a rubber latex,
a crosslinking agent, and a filler. A content of the crosslink-
ing agent 1s 50 parts by mass or more and 150 parts by mass
or less per 100 parts by mass of solids contained in the
rubber latex, and a content of the filler 1s more than 50 parts
by mass and 80 parts by mass or less per 100 parts by mass
of the solids contained 1n the rubber latex.

In another aspect, the present invention provides a rubber-
reinforcing cord for remnforcing a rubber product. The rub-
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ber-reinforcing cord includes at least one strand, and the
strand 1ncludes at least one filament bundle and a first
coating formed at least on a surface of the filament bundle,
the first coating being formed using the water-based treat-
ment agent of the present invention.

In another aspect, the present invention provides a method
for producing a rubber-reinforcing cord, including a step (1)
of: assembling filaments 1nto a filament bundle; applying the
water-based treatment agent of the present invention at least
to a surface of the filament bundle; drying the applied
water-based treatment agent into a first coating to form a
strand; and twisting two or more pieces ol the strand
together 1nto a cord.

In still another aspect, the present invention provides a
rubber product including a rubber composition and a rubber-
reinforcing cord embedded 1n the rubber composition. The
rubber-reinforcing cord 1s the rubber-reinforcing cord of the
present mvention.

Advantageous Elflects of Invention

The water-based treatment agent of the present invention
allows improvement 1n the anti-fraying properties of rubber-
reinforcing cords without significant reduction in produc-
tivity. The rubber-reinforcing cord of the present invention
has improved anti-fraying properties. The rubber product of
the present invention 1s less likely to sufler from fraying of
a rubber-reinforcing cord included in the rubber product.

BRIEF DESCRIPTION OF DRAWING

FIG. 1 1s a schematic diagram showing an exemplary
rubber belt according to the present invention.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will now be
described. The following description discusses the embodi-
ments of the present mnvention by way of examples. It should
be noted that the present mnvention 1s not limited to the
examples presented below. The following description men-
tions some specific values and materials as examples; how-
ever, other values or materials may be employed as long as
the effects of the present invention are achieved. The com-
pounds described below may be used alone or in combina-
tion with each other, unless otherwise specified.

| Water-Based Treatment Agent]

The water-based treatment agent of the present embodi-
ment 1s used to form a reinforcing cord having a coating, the
coating being formed of the water-based treatment agent.
The water-based treatment agent of the present embodiment
used to form the coating may hereinaiter be referred to as
“water-based treatment agent (A)”. The water-based treat-
ment agent (A) includes a rubber latex, a crosslinking agent,
and a filler. The content of the crosslinking agent 1s 50 parts
by mass or more and 150 parts by mass or less per 100 parts
by mass of solids contained 1n the rubber latex, and the
content of the filler 1s more than 50 parts by mass and 80
parts by mass or less per 100 parts by mass of the solids
contained 1n the rubber latex.

The rubber latex 1s preferably a latex of at least one rubber
selected from the group consisting of nitrile rubber, hydro-
genated nitrile rubber, carboxyl-modified nitrile rubber, and
carboxyl-modified hydrogenated mitrile rubber. The water-
based treatment agent (A) may include only one of these
rubber latexes or include two or more thereof. These rubber
latexes are preferable because they swell less with o1l and
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have high o1l resistance. The term “nitrile rubber” as used
herein refers to nitrile rubber (acrylonitrile-butadiene copo-
lymer rubber) that 1s neither hydrogenated nor carboxyl-
modified, unless otherwise specified.

The hydrogenated nitrile rubber may have an 1odine value
of 120 or less, particularly 100 or less. The 10odine value of
an example of the hydrogenated nitrile rubber 1s O to 30.

The water-based treatment agent (A) may further include
another rubber latex 1n addition to the above rubber latex.
Examples of the other rubber latex include a butadiene-
styrene copolymer latex, a dicarboxylated butadiene-styrene
copolymer latex, a vinylpyridine-butadiene-styrene terpoly-
mer latex, a chloroprene latex, a butadiene latex, and a
chlorosulfonated polyethylene latex. The water-based treat-
ment agent (A) may include two or more of these rubber
latexes.

Examples of the crosslinking agent include: quinone
dioxime crosslinking agents such as P-quinone dioxime;
methacrylate crosslinking agents such as lauryl methacrylate
and methyl methacrylate; allyl crosslinking agents such as
diallyl fumarate (DAF), diallyl phthalate (DAP), triallyl
cyanurate (TAC), and triallyl 1socyanurate (TAIL); maleim-
ide crosslinking agents such as bismaleimide, phenylmale-
imide, and N,N'-m-phenylenedimaleimide; aromatic or ali-
phatic organic diisocyanates; polyisocyanates; blocked
1socyanates; blocked polyisocyanates; aromatic nitroso
compounds; sulfur; and peroxides. These crosslinking
agents may be used alone or 1n combination with each other.
Selection from these crosslinking agents 1s made taking into
account, for example, the type of the rubber latex included
in the water-based treatment agent (A) and the type of the
matrix rubber 1n which the rubber-reinforcing cord 1s to be
embedded. These crosslinking agents are used preferably 1n
the form of an aqueous dispersion 1n order to allow them to
be uniformly present 1n the water-based treatment agent (A).
The crosslinking agent may be at least one selected from the
group consisting ol maleimide crosslinking agents, organic
diisocyanates, polyisocyanates, and aromatic nitroso com-
pounds. This crosslinking agent can enhance adhesion
between the rubber-reinforcing cord and the matrix rubber.

Among the crosslinking agents mentioned above, at least
one selected from the group consisting of maleimide cross-
linking agents and polyisocyanates 1s preferable. Among the
maleimide crosslinking agents, 4,4'-bismaleimidodiphenyl-
methane 1s suitable for use because 1t 1s stably dispersible in
water, has high crosslinking eflect, and provides high heat
resistance aiter crosslinking. A combination of a maleimide
crosslinking agent or a polyisocyanate with a rubber latex
can markedly enhance adhesion between the rubber-rein-
forcing cord and the matrix rubber. In particular, a combi-
nation of a latex of carboxyl-modified hydrogenated nitrile
rubber and a maleimide crosslinking agent 1s preferable
because this combination provides increased enhancement
of adhesion between the rubber-reinforcing cord and the
matrix rubber.

Water-based treatment agents containing a rubber latex
and a crosslinking agent have been disclosed, for example,
in Patent Literature 8 and Patent Literature 9. In most of such
conventional water-based treatment agents, the content of
the crosslinking agent 1s 40 parts by mass or less per 100
parts by mass of solids contained in the rubber latex. For
example, the content of phenylene bismaleimide used 1n
Patent Literature 8 (Example 6) 1s 14 parts by mass per 100
parts by mass of solids contained 1n the rubber latex, and the
content of bismaleimide used in Patent Literature 9 (Ex-
ample 1) 1s 31 parts by mass per 100 parts by mass of solids
contained 1n the rubber latex.
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A study by the present inventors has revealed that the use
ol a water-based treatment agent containing a given amount
of crosslinking agent in forming a coating at least on the
surface of a filament bundle provides an increase 1n binding
strength between the filaments themselves and/or between
the strands themselves and hence an improvement 1n anti-
fraying properties. The study has also revealed that when a
rubber-reinforcing cord formed using such a water-based
treatment agent 1s used 1n a rubber product such as a belt, the
rubber-reinforcing cord presents a smooth cross-section on
the edge surface of the belt. In terms of obtaining these
cllects, the crosslinking agent content (mass ratio of solids)
in the present embodiment 1s preferably 50 to 150 parts by
mass (e.g., 70 to 140 parts by mass), more preferably 70 to
125 parts by mass, and particularly preferably 80 to 125
parts by mass per 100 parts by mass of solids contained in
the rubber latex. To be more specific, the crosslinking agent
content 1s preferably 100 to 125 parts by mass, more
preferably 110 to 125 parts by mass, and particularly pret-
erably 115 to 125 parts by mass. The crosslinking agent
content 1n the present embodiment i1s the total content of
crosslinking agents used.

The filler included 1n the water-based treatment agent (A)
1s not particularly limited. Examples of the filler include:
fine particles of covalent compounds such as carbon black
and silica; fine particles of sparingly-soluble salts; fine
particles of metal oxides; fine particles of metal hydroxides;
and fine particles of complex metal oxide salts such as talc.
Preferred among these fillers 1s at least one selected from the
group consisting of carbon black and silica.

The average particle diameter of the carbon black 1s
preferably 5 to 300 nm, for example, 100 to 200 nm, and
more preferably 130 to 170 nm. The average particle diam-
cter of the silica 1s preferably 5 to 200 nm, for example, 7
to 100 nm, and more preferably 7 to 30 nm. The average
particle diameter as defined herein 1s a value determined by
measuring the diameters of 50 or more particles with the aid
of a transmission electron microscope and dividing the sum
of the particle diameters by the number of the particles
subjected to measurement. It should be noted that the
diameter of a non-spherical particle 1s determined as an
average of the longest and shortest diameters of the particle.

The filler exerts the effect of improving the characteristics
such as tensile strength and tear strength of the coating by
being dispersed in the rubber. Besides these eflects, the filler
has the eflect of enhancing the cohesive force of an adhesive
component and hence the adhesive strength between the
filaments and the coating and between the coating and the
matrix rubber. These eflects are significantly influenced by
the particle diameter and content of the filler.

The filler content (mass ratio of solids) 1s preferably more
than 50 parts by mass and 80 parts by mass or less, more
preferably 55 to 75 parts by mass, and even more preferably
60 to 70 parts by mass per 100 parts by mass of solids
contained 1n the rubber latex. Using the filler in such an
amount provides an increase in the hardness of the coating,
an enhancement of the binding strength between the fila-
ments themselves and/or between the strands themselves,
and an 1mprovement 1n the anti-fraying properties of the
rubber-reinforcing cord. The filler content in the present
embodiment 1s the total content of fillers used.

When in the water-based treatment agent (A) the cross-
linking agent content 1s less than 50 parts by mass per 100
parts by mass of solids contained in the rubber latex or the
filler content 1s 50 parts by mass or less per 100 parts by
mass of the solids contained 1n the rubber latex, the resulting,
binding strength between the filaments themselves and/or
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between the strands themselves 1s insutlicient so that the
rubber-reinforcing cord 1s likely to have irregularities
formed 1n its cross-section on the edge surface of the belt.

When 1n the water-based treatment agent (A) the cross-
linking agent content 1s more than 150 parts by mass per 100
parts by mass of solids contained in the rubber latex or the
filler content 1s more than 80 parts by mass per 100 parts by
mass of the solids contained in the rubber latex, a defect such
as deterioration of the rubber product may readily occur,
although suthicient binding strength 1s achieved between the
fillaments themselves and/or between the strands themselves.
In this case, for example, when the rubber product 1s a bellt,
the belt may have a shortened operational life. To be
specific, too high a hardness of the coating may cause cracks
between the strands or breakage of the filaments when the
rubber-reinforcing cord 1s repeatedly subjected to bending
deformation during use of the rubber product, thus leading
to a reduction 1n the tensile strength of the rubber-reinforc-
ing cord and hence to a reduction 1n the tensile strength of
the rubber product as a whole. This 1s presumably because
too high a content of the crosslinking agent or the filler
included 1n the water-based treatment agent leads to too high
a hardness of the coating obtained using the water-based
treatment agent and hence to a reduction 1n the anti-fraying
properties of the rubber-reinforcing cord, resulting in an
increase, for example, in the susceptibility of the rubber
product to deterioration.

The water-based treatment agent (A) 1s preferably free of
a resorcinol-formaldehyde condensate. In this case, the
production of the rubber-reinforcing cord has no need to use
a substance such as formaldehyde or ammonia which may
impose a heavy load on the environment, and thus requires
no environmental measures to be taken for workers. It 1s
acceptable, however, for the water-based treatment agent
(A) to include a resorcinol-formaldehyde condensate.

The constituent components (components other than the
solvent) of the water-based treatment agent (A) are dis-
persed or dissolved in the solvent. The solvent of the
water-based treatment agent (A) 1s a water-based solvent
containing 50 mass % or more of water. The water content
of the water-based solvent may be 80 mass % or more, 90
mass % or more, or 100 mass %. Water 1s suitable for use as
the water-based solvent because water 1s easy to handle,
allows easy adjustment of the concentrations of the con-
stituent components, and imposes a significantly lighter load
on the environment than organic solvents. The water-based
solvent may contain, for example, a lower alcohol.
Examples of the lower alcohol include alcohols having 4 or
less or 3 or less carbon atoms (e.g., methanol, ethanol, and
propanol). It should be recalled that the water-based solvent
1s preferably free of any organic solvent other than the lower
alcohol.

The water-based treatment agent (A) may further include
another component i1n addition to the rubber latex, the
crosslinking agent, and the filler. For example, the water-
based treatment agent (A) may include a resin, a plasticizer,
an anti-aging agent, a stabilizer, or a metal oxide that does
not serve as the filler. The water-based treatment agent (A)
may be one that 1s free of resin.

[Rubber-Reinforcing Cord]

The rubber-reinforcing cord of the present invention waill
now be described. The rubber-reinforcing cord of the present
embodiment 1s a cord for reinforcing a rubber product. This
reinforcing cord includes at least one strand. The strand
includes at least one filament bundle and a coating formed
at least on the surface of the filament bundle, the coating
being formed using the water-based treatment agent (A).
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The strands are preferably 1n close contact with each other
via the coating. Such strands are strongly bound to each
other, which reduces the occurrence of fraying of the fila-
ments and/or strands. The filament bundle 1s composed of a
plurality of filaments twisted 1n one direction.

The number of twists in the rubber-reinforcing cord of the
present embodiment 1s not particularly limited. The number
of twists given to the strand (the twists may hereinafter be
referred to as “primary twists”) may be 20 to 160 twists/m.,
30 to 100 twists/m, or 40 to 80 twists/m. The number of
twists given to the plurality of strands including the coating,
formed using the water-based treatment agent (A) (the twists
may hereinafter be referred to as “final twists”) may also be
20 to 160 twists/m, 30 to 100 twists/m, or 40 to 80 twists/m.
Lang lay may be employed 1n which the direction of the
primary twists and the direction of the final twists are the
same, or regular lay may be employed in which the direction
of the primary twists and the direction of the final twists are
opposite. Lang lay, which allows smooth bending of the
rubber-reinforcing cord, 1s preferable. The directions of the
twists are not limited and may be the S direction or the Z
direction.

In the rubber-reinforcing cord of the present embodiment,
the filament bundle preferably includes at least one selected
from aramid fibers, glass fibers, carbon fibers, and polypara-
phenylene benzoxazole. The filament bundle may consist
essentially of aramid fiber filaments. The word “essentially”™
as used herein 1s intended to mean that the filament bundle
may include filaments other than the aramid fiber filaments
to the extent that the other filaments have no significant
influence on the eflects of the mvention. For example, the
filament bundle may include filaments other than the aramid
fiber filaments 1 such a proportion that the other filaments
account for 10% or less (e.g., 3% or less or 1% or less) of
the cross-sectional area of the filament bundle. The filaments
other than the aramid fiber filaments are not particularly
limited and can be filaments of fibers commonly used as
reinforcing fibers.

The filament bundle typically consists of the aramid fiber
filaments.

The type of the aramid fiber filaments 1s not particularly
limited. It does not matter whether the aramid fibers used are
para-aramid fibers or meta-aramid fibers. Aramid fibers of a
copolymer formed from a meta-aramid monomer and a
para-aramid monomer may also be used. Examples of com-
mercially-available aramid fibers include: polyparaphe-
nylene terephthalamide fibers (such as Kevlar manufactured
by DU PONT-TORAY CO., LTD. and Twaron manufactured
by TEIJIIN LIMITED) which are para-aramid fibers;
polymetaphenylene 1sophthalamide fibers (such as Conex
manufactured by TEIJIN LIMITED) which are meta-aramid
fibers; and poly-3.4'-oxydiphenylene terephthalamide copo-
lymer fibers (such as Technora manufactured by TEIJIN
LIMITED) which are copolymer fibers. The fiber diameter
of the aramid fiber filaments 1s not particularly limited.

The number of the filaments included i1n the filament
bundle 1s not particularly limited. For example, 200 to 1,000
filaments can be used.

The surfaces of the filaments may be treated with a sizing
agent. That 1s, the surfaces of the filaments may be subjected
to a pretreatment commonly called “sizing”. For example, a
preferred sizing agent for aramid fibers contains at least one
functional group selected from the group consisting of an
epoxy group and an amino group. Examples of such a sizing
agent include aminosilanes, epoxysilanes, novolac epoxy
resins, bisphenol A epoxy resins, bisphenol F epoxy resins,
brominated epoxy resins, bisphenol AD epoxy resins, and
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glycidyl amine epoxy resins. Specific examples include
Denacol series available from Nagase ChemteX Corpora-
tion, EPICLON series available from DIC Corporation, and
Epikote series available from Mitsubishi Chemical Corpo-
ration. The use of aramid fiber filaments having their sur-
faces subjected to sizing can enhance adhesion between the
matrix rubber and the rubber-reinforcing cord.

The coating of the present embodiment 1s formed at least
on the surface of the filament bundle, and 1s formed using the
water-based treatment agent (A) of the present embodiment
which includes a rubber latex, a crosslinking agent, and a
filler as essential components. In the rubber-reinforcing cord
of the present embodiment, the filaments themselves and/or
the strands themselves are chemically bound together by the
coating. This coating 1s preferably formed directly on the
filament bundle and more preferably formed directly on each
of the filaments.

The mass of the coating 1s not particularly limited and
may be adjusted as appropriate. The mass of the coating may
be 5 to 35% with respect to the mass of the filament bundle.
For example, the mass of the coating may be 10 to 25% or
15 to 25%. Too large a mass of the coating may result 1n
defects such as a reduction 1n the dimensional stability of the
rubber-reinforcing cord 1n a rubber product and a reduction
in the elastic modulus of the rubber-reinforcing cord. Too
small a mass of the coating may cause a deterioration in the
anti-fraying properties of the rubber-reinforcing cord or a
decline 1n the ability to protect the filaments, thus resulting
in shortening of the durable life of the rubber product.

To enhance the adhesion to the matrix rubber, the rubber-
reinforcing cord of the present embodiment may further
include a second coating provided outside (or nearer to the
outer surface of the rubber-reinforcing cord than) the above
coating ({irst coating). The treatment agent for forming the
second coating may have the same or diflerent composition
from the water-based treatment agent (A). For example, a
treatment agent contaiming a different component or solvent
from the water-based treatment agent (A) may be used to
form the second coating. When a treatment agent having a
different composition from the water-based treatment agent
(A) 1s used, the treatment agent may include, for example,
a commercially-available adhesive, and may further include
an organic solvent. Specific examples of the commercially-
available adhesive include Chemlok 233X (manufactured by
Lord Far East Incorporated), THIXON series (manufactured
by Dow Chemical Company Japan), MEGUM series (manu-
factured by Dow Chemical Company Japan), and META.-
LOC sernies (manufactured by TOYOKAGAKU KENKY-
USHO CO., LTD.).

As previously mentioned, the rubber-reinforcing cord of
the present embodiment may further include the second
coating provided outside the first coating. The second coat-
ing may be formed by: applying a treatment agent for
forming the second coating onto the cord including a plu-
rality of strands twisted together; and drying the treatment
agent on the cord, with a load applied to the cord in the
length direction of the cord. It 1s preferable that the whole
process from application of a treatment agent for forming
the second coating onto the cord including a plurality of
strands twisted together to drying of the treatment agent on
the cord 1s performed with a load applied to the cord in the
length direction of the cord. The load applied 1n the length
direction of the cord can be changed, for example, according
to the type and number of the filaments included 1n the cord.
When, for example, the strands include aramid fiber fila-
ments, a load corresponding to 2 to 10% of the lengthwise
breaking strength of the cord may be applied to the cord n
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the length direction of the cord. The breaking strength can be
measured by the method described in EXAMPLES. From
another aspect, 1t 1s preferable to apply a load of 30 to 150
N to the cord 1n the length direction of the cord.

In another embodiment, the filament bundle may include 5
a plurality of filament bundles assembled together. In this
case, the plurality of filament bundles may be twisted or
untwisted.

[Method for Producing Rubber-Reinforcing Cord]

The method for producing a rubber-reinforcing cord will 10
now be described. The matters specified for the rubber-
reinforcing cord are applicable to the production method
described hereinafter, and redundant descriptions of the
matters may thus be omitted. The matters specified for the
production method described hereinafter are applicable to 15
the rubber-reinforcing cord of the present invention. The
following will describe an embodiment of the method for
producing a rubber-reinforcing cord which includes steps (1)
and (11). The step (1) does not have to be performed for
production of a rubber-reinforcing cord provided with no 20
second coating.

The method for producing a rubber-reinforcing cord
according to the present embodiment includes the steps (1)
and (11) described hereinafter.

That 1s, the method for producing a rubber-reinforcing 25
cord according to the present embodiment includes:

a step (1) of: assembling filaments 1nto a filament bundle;
applying the water-based treatment agent (A) at least to the
surface of the filament bundle; drying the applied water-
based treatment agent (A) into a first coating to form a 30
strand; and twisting two or more pieces ol the strand
together 1nto a cord; and

a step (11) of: applying a treatment agent for forming a
second coating onto the cord obtained in the step (1); and
drying the treatment agent on the cord, with a load applied 35
to the cord in the length direction of the cord, to form the
second coating provided outside the first coating.

The step (1) will be described. First, filaments are
assembled 1nto a filament bundle, the water-based treatment
agent (A) 1s applied at least to the surface of the filament 40
bundle, and the applied water-based treatment agent (A) 1s
dried to remove its solvent and thus form a first coating.

The step (1) vields a cord that includes a plurality of
strands twisted together and having the first coating. The
technique for applying the water-based treatment agent (A) 45
1s not limited. For example, the filament bundle may be
immersed in the water-based treatment agent (A) or the
water-based treatment agent (A) may be spread on the
filament bundle. The technique for drying the water-based
treatment agent (A) 1s not limited. For example, the solvent 50
may be removed using a drying oven. The conditions of
drying for removal of the solvent are not particularly limited.
For example, the solvent may be removed by drying in an 80
to 300° C. atmosphere for 0.5 to 2 minutes.

By way of specific example, the step (1) begins with 55
aligning and assembling filaments together into a filament
bundle and spreading the water-based treatment agent (A)
on the surface of the bundle. This was followed by removal
of the solvent from the water-based treatment agent (A). The
filament bundle may consist essentially of aramid fiber 60
fillaments.

It 1s typical that the filament bundle on which the first
coating has been formed 1s twisted in one direction. The
direction of twisting may be the S direction or the Z
direction. The number of filaments and the number of twists 65
are as specified above and thus will not be repeatedly

described.
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The step (1) will be described. The step (11) 1s a step of
applying a treatment agent for forming a second coating
onto the cord obtained 1n the step (1), and then drying the
treatment agent on the cord while applying a load to the cord
in the length direction of the cord to form the second coating
provided outside the first coating. The second coating may
be formed directly on the first coating. By drying the
treatment agent on the cord with a load applied to the cord
in the length direction of the cord, a tighter rubber-reinforc-
ing cord can be obtained. This 1s because a high tension 1s
applied to the cord and exerts a large eflect on tighteming of
the rubber-reinforcing cord. Performing the drying with a
drying oven will exert a larger eflect on tightening of the
rubber-reinforcing cord since heat, together with the above
tension, 1s applied to the cord. The tighter rubber-reinforcing
cord has higher binding strength between the filaments
themselves and/or between the strands themselves and has
more excellent anti-fraying properties.

For example, the second coating may be formed by drying,
the treatment agent with a load applied to the cord n the
length direction of the cord, the load corresponding to 2 to
10% of the lengthwise breaking strength of the cord. From
another aspect, the second coating may be formed by drying
the treatment agent, with a load o1 30 to 150 N applied to the
cord 1n the length direction of the cord. In this step, a load
may be applied to the cord 1n the length direction of the cord
also during the application of the treatment agent for form-
ing the second coating.

In another embodiment, the step (1) may include forming
twisted filament bundles each having a coating, assembling
the filament bundles together, and giving final twists to form
a cord. The direction of the final twists may be the same as
or different from the direction of the twists of each filament
bundle (the direction of the primary twists).

In another embodiment, the step (1) may include forming
untwisted filament bundles each having a coating, assem-
bling these filament bundles 1nto a strand, and twisting the
strand so as to form a cord.

In still another embodiment, the step (1) may include
twisting a filament bundle, then forming a coating on the
filament bundle, and twisting thus-formed strands together
into a cord.

|[Rubber Product]

The rubber product of the present embodiment 1includes a
rubber composition (matrix rubber) and the rubber-reinforc-
ing cord of the present embodiment embedded 1n the rubber
composition. The type of the rubber product 1s not particu-
larly limited. Examples of the rubber product of the present
embodiment include tires of automobiles or bicycles and
transmission belts. Examples of the transmission belts
include synchronous transmission belts and friction trans-
mission belts. Examples of the synchronous transmission
belts include toothed belts typified by timing belts for
automobiles. Examples of the friction transmission belts
include flat belts, round belts, V belts, and V-ribbed belts.
That 1s, the rubber product of the present embodiment may
be a toothed belt, a flat belt, a round belt, a V belt, or a
V-ribbed belt.

The rubber product of the present embodiment 1s formed
by embedding the rubber-reinforcing cord of the present
embodiment 1n a rubber composition. The technique for
embedding the rubber-reinforcing cord 1n the matrix rubber
1s not particularly limited, and a commonly-known tech-
nique may be employed. The rubber product of the present
embodiment thus formed has high bending fatigue resis-
tance. The rubber product of the present embodiment 1s
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therefore particularly suitable for use, for example, as a
timing belt of a vehicle engine.

The type of the rubber of the rubber composition 1s not
particularly limited. The rubber may be, for example, chlo-
roprene rubber, chlorosulfonated polyethylene rubber, eth-
ylene propylene rubber, or hydrogenated nitrile rubber. The
hydrogenated nitrile rubber may be one in which a zinc
acrylate derivative (such as zinc methacrylate) 1s dispersed.
At least one selected from hydrogenated nitrile rubber as
such and hydrogenated mitrile rubber in which a zinc acry-
late dernivative 1s dispersed 1s preferable 1n view ol water
resistance and o1l resistance. The matrix rubber may further
include carboxyl-modified hydrogenated nitrile rubber. In
view of adhesion, it 1s preferable for the coating of the
rubber-reinforcing cord and the rubber composition of the
rubber product to contain or to be formed of the same type
ol rubber.

FIG. 1 shows a toothed belt as one embodiment of the
rubber product. The toothed belt 1 shown 1n FIG. 1 includes
a belt body 11 and rubber-reinforcing cords 12. The belt
body 11 includes a belt portion 13 and tooth portions 14
arranged at regular intervals and protruding from the belt
portion 13. The rubber-reinforcing cords 12 are embedded
within the belt portion 13 so as to extend parallel to the
length direction of the belt portion 13. Each rubber-rein-
forcing cord 12 1s the rubber-reinforcing cord of the present
invention.

EXAMPLES

The production method of the present invention will be
described 1n more detail by way of examples. The present
invention 1s not limited to the examples presented below.

Examples 1 to 11 and Comparative Examples 1 to
8

First, 1,000 aramid fiber filaments were assembled into a
filament bundle. Technora 1670 dtex manufactured by TEI-
JIN LIMITED was used as the aramid fiber filaments.

The filament bundle was immersed 1n a water-based
treatment agent (A) having a composition shown in the cell
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for 1 minute. Three such filament bundles were assembled
and twisted together at 40 twists/m 1n one direction (primary
twisting in the Z direction) into a strand. Three strands thus
obtained were assembled and twisted together at 40 twists/m
in the same direction as above (final twisting 1n the Z
direction) mto a cord. Next, to enhance the adhesion to a
matrix rubber, a treatment agent having a composition
shown 1n Table 3 below was spread on the first coating and
was dried 1nto a second coating. In this step of forming the
second coating, a tension of 100 N was applied to the cord
in the length direction of the cord over the period from the
start of spreading to the completion of drying of the treat-
ment agent for forming the second coating. The tension
applied to the cord corresponded to 3.7% of the lengthwise
breaking strength of the cord. In the manner thus described,
a rubber-reinforcing cord of Example 1 was obtained.

The breaking strength was measured according to ASTM
7269.

Rubber-reinforcing cords of Examples 2 to 11 were
produced using the same conditions as in Example 1, except
that the composition of the water-based treatment agent (A)
was varied as shown 1n Table 1 below. Rubber-reinforcing
cords of Comparative Examples 1 to 8 were produced using
the same conditions as in Example 1, except that the
composition ol the water-based treatment agent (A) was
varied as shown 1n Table 2 below.

The components listed 1n Table 1 and Table 2 are as
follows.

Component Al: Zetpol Latex (carboxyl-modified hydro-
genated type, manufactured by Zeon Corporation)

Component A2: Nipol Latex (carboxyl-modified type,
manufactured by Zeon Corporation)

Component Bl: 4,4'-bismaleimidodiphenylmethane
Component B2: Polyisocyanate

Component C1: Carbon black (manufactured by Colum-
bian Chemicals Company, Inc.)

Component C2: Colloidal silica (manufactured by Nippon
Chemical Industrial Co., Ltd.)

Chemlok 233X listed 1n Table 3 1s manufactured by Lord

“Example 17 of Table 1 below and was then dried at 200° C. Far East Incorporated.
TABLE 1
Exam- Exam- Exam- Exam- Exam- Exam- IExam- Example  Example
ple 1 ple 2 ple 3 ple 4 ple 5 ple 6 ple 7 Example 8 Example 9 10 11
Water-based Component 100 0 100 100 100 100 100 100 100 100 100
treatment agent (A) Al
Mass ratio of solids Component 0 100 0 0 0 0 0 0 0 0 0
mass %] A2
Component 100 100 100 30 30 100 100 100 100 50 80
Bl
Component 20 20 50 20 20 0 20 20 20 20 50
B2
Component 60 60 55 80 35 60 0 60 60 50 50
Cl
Component 0 0 0 0 0 0 60 0 0 20 30
C2
Total 120 120 150 50 50 100 120 120 120 70 130
crosslinking
agent
Total filler 60 60 55 80 55 60 60 60 60 70 80
Amount of water-based treatment 25 25 25 25 25 25 25 10 30 25 25

agent (A) spread on aramid fibers
|mass %]
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TABLE 2
Comp. Comp. Comp. Comp. Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 6 Example 7 Example ¥
Water-based Component 100 100 100 100 100 100 100 100
treatment agent (A) Al
Mass ratio of solids Component 0 0 0 0 0 0 0 0
lmass %] A2
Component 20 50 100 50 100 20 20 100
B1
Component 10 20 80 20 80 20 20 50
B2
Component 55 40 55 100 40 100 20 100
Cl
Component 0 0 0 0 0 0 0 0
C2
Total 30 70 180 70 180 40 40 150
crosslinking
agent
Total filler 55 40 55 100 40 100 20 100
Amount of water-based treatment 25 25 25 25 25 25 25 25
agent (A) spread on aramid fibers
|mass %0]
TABLE 3 TABLE 4
Component Ratio (parts by mass) 55 Total crosslinking agent  Total filler Anti-fraying
|mass %0] [mass %]  properties
Chemlok 233X 100
Xylene 100 Examples 1 120 60 5
2 120 60 5
3 150 55 4
The anti-fraying properties of each sample were evaluated 4 50 80 4
in the manner described hereinafter. 30 > 20 >3 4
: . . . o 100 60 5
First, the sample was cut into 200-mm-long pieces, which 7 190 60 5
were arranged on a surface of a matrix rubber precursor 8 120 60 5
(H-NBR-type rubber) having a sheet shape (25 mmx200 ) 120 60 >
: . 10 70 70 5
mmx3 mm (thickness)) in such a manner that the length 15 i1 130 20 4
direction of the pieces of the sample and the length direction Comp. 1 30 55 3
of the matrix rubber precursor were the same and that the Examples - 0 =0 3
d; . 15 1lel t h oth Hh 3 180 55 3
adjacent pieces lie parallel to each other with no space 4 70 100 5
therebetween. On the matrix rubber precursor was then 5 180 40 ,
stacked another sheet-shaped matrix rubber precursor hav- 4g 6 40 100 2
ing the same size in such a manner that the sample arranged ! . 2 :
8 150 100 3

as above was held between the precursors.

Next, the pair of precursors holding the sample therebe-
tween was hot-pressed from both sides at 150° C. for 20
minutes. The hot press turned the pair of matrix rubber
precursors, which contamned a vulcamzing agent, mto a
vulcanized matrix rubber, thus producing a rubber sample
having the aramid fiber cord sample embedded therein.

Subsequently, the rubber sample produced was cut par-
allel to the length direction of the sample with a cutting
machine, and the condition of the edge surface of the cut
sample was visually evaluated. The evaluation employed
five ratings. The rating “35” was given when the cut surface
was smooth and no aramid fibers frayed on the cut surface;
the rating “4” was given when the cut surface was smooth
but several aramid fibers frayed on the cut surface; the rating
“3” was given when the cut surface was smooth, but several
aramid fibers frayed on the cut surface and cracks were
present between the strands; the rating “2” was given when
the cut surtface was smooth, but several tens of aramid fibers
frayed and protruded from the cut surface or cracks were
present between the strands and each strand as a whole
protruded from the cut surface; and the rating “1” was given
when even the smoothness of the cut surface was not
obtained.

The results of the evaluation of the anti-fraying properties
are shown in Table 4 below.

45

50

55

60

65

As demonstrated by the results shown in Table 4, the
anti-fraying properties of Examples were good, while the
anti-fraying properties ol Comparative Examples were poor.
This confirmed that the anti-fraying properties can be
improved when both the total crosslinking agent content and
the total filler content of the water-based treatment agent (A)
fall within the ranges specified 1n the present invention.

INDUSTRIAL APPLICABILITY

The present invention 1s applicable to a water-based
treatment agent used for forming a rubber-reinforcing cord,
to a rubber-reinforcing cord for reinforcing a rubber product,
and to a rubber product including a rubber-reinforcing cord.

The mnvention claimed 1s:

1. A water-based treatment agent for forming a rubber-
reinforcing cord having a coating, the water-based treatment
agent comprising a rubber latex, a crosslinking agent, and a
filler, wherein

a content of the crosslinking agent 1s 110 parts by mass or

more and 125 parts by mass or less per 100 parts by
mass of solids contained in the rubber latex, and

a content of the filler 1s more than 50 parts by mass and

80 parts by mass or less per 100 parts by mass of the
solids contained 1n the rubber latex.
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2. The water-based treatment agent according to claim 1,
wherein the rubber latex 1s a latex of at least one rubber
selected from the group consisting of nitrile rubber, hydro-
genated nitrile rubber, carboxyl-modified nitrile rubber, and
carboxyl-modified hydrogenated nitrile rubber.

3. The water-based treatment agent according to claim 1,
wherein the crosslinking agent 1s at least one selected from
the group consisting of a maleimide crosslinking agent and
a polyisocyanate.

4. The water-based treatment agent according to claim 1,
wherein the filler 1s at least one selected from the group
consisting of silica and carbon black.

5. The water-based treatment agent according to claim 1,
wherein the water-based treatment agent 1s free ol a resor-
cinol-formaldehyde condensate.

6. A rubber-reinforcing cord for remnforcing a rubber
product, the rubber-reinforcing cord comprising at least one
strand, wherein

the strand comprises at least one filament bundle and a
first coating formed at least on a surface of the filament
bundle, the first coating being formed using the water-
based treatment agent according to claim 1.

7. The rubber-reinforcing cord according to claim 6,
wherein a mass of the first coating 1s 5 to 35 mass % with
respect to a mass of the filament bundle.

8. The rubber-reinforcing cord according to claim 6,
wherein the filament bundle comprises at least one selected
from aramid fibers, glass fibers, carbon fibers, and polypara-
phenylene benzoxazole.

9. The rubber-reinforcing cord according to claim 8,
wherein the filament bundle comprises aramid fibers.
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10. A method for producing a rubber-reinforcing cord,
comprising a step (1) of:

assembling filaments 1nto a filament bundle; applying the
water-based treatment agent according to claim 1 at
least to a surface of the filament bundle; drying the
applied water-based treatment agent into a first coating,
to form a strand; and twisting two or more pieces of the
strand together into a cord.

11. The method for producing a rubber-reinforcing cord
according to claim 10, further comprising a step (1) of:
applying a treatment agent for forming a second coating
onto the cord obtained i1n the step (1); and drying the
treatment agent on the cord, with a load applied to the cord
in a length direction of the cord, to form the second coating
provided outside the first coating.

12. A rubber product comprising a rubber composition
and a rubber-reinforcing cord embedded 1n the rubber com-
position, wherein

the rubber-reinforcing cord 1s the rubber-reimnforcing cord
according to claim 6.

13. The rubber product according to claim 12, being a
transmission belt.

14. The rubber product according to claim 13, being a
synchronous transmission belt or a Iriction transmission

belt.

15. The rubber product according to claim 14, being a
toothed belt, a flat belt, a round belt, a V belt, or a V-ribbed

belt.
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